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abstract 


e future Of water resources of Oman has been discussed and related with 

worming of the 

world and rate of increasing of population Geological eitect in Jlrt - r 

resources l 

een men tioned , Also rainfall and water depth in the wells ha\e been 

analyzed 


1 introduction 

According to water bank there is water problem in the world , the planet became wormer 
and this will affect the aquatic live on the planet. The need of water for domestic 
purposes increased because of the growth of population . In Oman 90% of fresh water are 
using for agriculture but the efficiency of it is very low because of using traditional ways 
in agriculture which cause losses of water. annual rainfall differs from place to another 
and from year to another . In the study area the is continuous increasing of water depth in 
the wells and this give bad sign , the ground water decreasing and one day these wells 
will be dry , this is because of low recharge in this area and the wells are very sensitive to 
drought Also geological setting affects the situation side by side with geographical 
situation Another danger is human being who is the constructor of development and he 
also the destructor of it . Mans action are polluting every thing on the planet and it is 
important to determine exactly the pollutants and taking an action against them in 

proper time. 
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2 Doterm, n*tion of locution of Om*n 

11'*' Sultanate of Oman occupy the southeast comer of the Arabian Pcn.nviU aiv »« 
loCi,tctl bclwcc, i latitude* 16° 40* and 2/»'* 20’ North and Longitudes 51' 50^ « ' 

HaiL Thc coastline extend* 1,700km from the Strait of Hormu/ in the norm 
borders ol the Republic of Yemen in thc south and overlooks three seas 

< iulf, Gulf of Oman and thc Arabian Sea. 

1 he Sultanate of Oman borders Saudi Arabia and the United Arab Emirates m ’he 
the Republic of Yemen in thc South, the Strait of Hormu/, in the North and the Arabian 
Sea in the East. The total land area is approximately 309,500km 2 and it is the third lur^e- 

country in the Arabian Peninsula. 

Thc Sultanate of Oman is divided into three govemorates - Muscat, Dhofar and 
Musandam and five regions- i.e. there arc eight administrative regions: A’Dakhl.yah; 
A’Dhahira; Al Batinah; Dhofar; A1 Wusta; Muscat; Musandam; A1 Sharqtya. Each of 

these is subdivided into smaller districts called wilayats 


i < jub. iiU-, . 2002 yb 


d-dt J 1 jV . v-* 11 3 S-— 
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Figure(l) Map of Oman (Oman international conference ,2002) 


2.1 Topography of Oman 

Oman's terrain has a varied topography, consisting of plains, desert, mountain ranges and 
wadis. The rock matter is predominantly sedimentary and is rich in metallic mineral 
deposits, such as copper, chromite and gold. The two main mountain ranges are the Hajar 
range, running from Musandam to Ras al Hadd; and the Qara range in Dhofar, which 
attracts the light monsoon rains during the mid-summer months. Around 82% of Oman 
consists of desert. Most conurbations arise on the coast. 

There are several islands located in Oman’s waters, the largest of which is Masirah in the 
southeast which is accessed by boat and plane. 
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Figure(2) Oman satellite picture (NASA ,2003) 


3.Climate of Oman 


The climate differs from one area to another. It is hot and humid in the coastal areas in 
summer; while it is hot and dry in the Interior with the exception of the higher mountains, 
which enjoy a moderate cl,mate throughout the year. Rainfall is generally light and 
irregular; although heavy rains and thunderstorms can cause severe flooding. In the south, 
,hc Dhofar region has a moderate climate and the pattern of rainfall is more predictable 


with heavy monsoon rains 


occurring regularly between May and September. 


Average temperatures for the north of Oman are 32 - 48 "C from May to September; 26 - 
36 °c from October to April. Due to the monsoon season, June to September, Dhofar in 

U e,h, country maintains a fairly steady year-round temperature of around 30 

the south ot the couuu/ 

„ . fT . onc formed after the rains into a lush landscape of green fields and 

35 0C. Dhofar is transionne 

verdant vegetation. 
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g rainfall in Muscat is 75mm. In the Jebel al Akhdar region, average rainfall can 

be from ^som 

to 400mm, The monsoon season in Dhofar can bring ramlul o between 

^ ^ * 400mm 

^ 1 Climate changes 

^ ater has been central concern to life in the southern and Midalerian sea ( SMED & ME) 
countries . The Overgrowing population and the resent droughts are exerting a lot of 
pressure On the water recourses and calling for new approaches for water planning and 
management if the rainfall will continuo to decrease and the temperature will cautious to 

■ ii 

nse . 

The climate of (ME) region is characterized by hot dry summer and mild wet winter . 
Some regions of Oman obey this roll but some regions arc hot wet in summer like Al 
Batinah region and Muscat . All (ME) region suffers frequently from years of low rainfall 
and most of the region was hit by severe drought and some have seen poor rainfall . The 
UK Handily Centers global climate model has been run on monthly values . The results 
show' that for the dry season (April to September) , by the year 2050 North Africa and 
parts of Egypt , Saudi Arabia ,Iran , Jordan , Syria, and parts of Oman arc expected to 
have reduces rain fall amounts to 20 to 25% less then the present of mean value. This 
decrease in rainfall is combined by temperature rise in those areas between 2°C and 
2 75 °C ME countries are facing big problems because reduction of rainfall over years 

management in Middle East, R Ragab, Wallinelbrd. UK 
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and ii 


ft mealed agriculture 

increase of population .Industrial development and expansion o 

, " laiion agriculture 

have increased dramatically , because of expected increase in P°P'“* U . 

i • have expected a rise 

production and per capita water demand , planers and policy ma ci> 

,• an( j it will be a 

•n water demand .The later is expected to exceed the actual water supple 

water management problem . According to WATER BANK (1993) .The m' 

. cuddIy to maintain 

required to sustain human life is about (10 m 3 /yr) . A reasonable sup H 
health may be (40-80 m'Vyear) through the developed countries dome; 

( up to 150 m'Vyear or more ) . By the year 2025 renewable water leeou 
countries will barley cover the basic human needs . 

1 ' t 19^' 

There have already been some significant changes in the earth climate 

, uOp o and that 

century , the global mean surface temperature has increased by 

was enough to make the past decade to be the wannest decade in the peiiod 

record and this was enough to rise sea level by 10 to 25 cm over the past 100 years . 


3.1.1 Temperature change 


The worlds leading scientists consider that are now on the average of changing our 
climate due to human activities that cause green house effect. According to IPCC (1996) 

, the average (Global) temperature in the year 2001 is likely to be 2”C wormer then 
present. the increase might not lock sign,f, cant to someone but a difference of only fC 
in average global temperature is all that separates today’s climate from that of the little 
I Age in the period from the fourteenth to the seventeenth century . 2”C will would 
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**'' 'empcrwure beyond any lhin« experienced in the p»« 

y * mtt OLEICK 199*, 

be expend U*« ff «u oflCTltiKby 

^ growing season w,|| increase , Which may benefit the crop yield 

2 ^ ncrca>< c 02 may also benefit crops 
' increase in disease 

4 The demand for irrigation water will increase 

Tabled ) Mean values of temperature , rainfall for some Ml’, contrics 111 



mean temp in 1 

MEAN TEMP IN . 

nean annual 

country 

junuary 


JULY 


rainfall 


MAX 

MIN 

MAX 

MIN 



12.2- 





Jordan 

13.4 

38-3.9 

31.5-32.2 

18-19 

100-625 



17.8- 




SSL 

25-27.2 

18.9 

27.8-36.1 

23.9-30.6 

54-99 

fP 

20.5- 

10.5- 





21.5 

10.8 

38.7-42.4 

26.3-27 

60-100 

saudi .A 

21.1- 

28.9 

7.8-18.9 

37.8-41.7 

25.6-26.1 

1_ 

37-193 

UAE 

23.3 

12.2 

37.8 

27.8 

N.a 

yemen. 

24.1-29 

0.5-22 

31.5-37.2 

14.1-28 

117-864 


JaGer & FERGUSUSON ,1991, 
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^POPULATION 


population census has never been conducted, but in 1992 the sultanate 
‘cited help irom the United Nations (UN) Fund for Technical and Financial Assistance 
b a full census. For planning purposes, the government in 1993 estimated the 
P on at _ million, , growing at a rate of 3.5 percent per annum. The population is 
unevenly distributed; the coastal regions, the A1 Batinah plain, and the Muscat 
metropolitan area contain the largest concentration. 

According to Final Results of the Census 2003 the total population is 2331391 and total 
housing Units is 430996 and total Flouseholds 343377 
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,mlK of ,ho Population South Bat in ah: 



Pofsnmsif 

'-’nvwu 

: \v*' 4 .T *-\m: 

lWn» *** D ‘ S * nbu,K,a of Population by Nationalitv 

l rtvin ***** r tWnhuU ° n 01 Population by Urban Status; 
Rura 1 


657,5115 

564,407 


% 86.4 

“o 66.8 


—5b4’,677 
472.065 


% 83.6 


% 68.2 


Sohar ^ *^ C D »stnbutxw of Population by Wilayat 

Ar Rustaq 
Shuus 

Lwi 
Sahain 
Al Khaburah 
As Suw a> q 
Nakhal 

W adi A1 Maaw-i! 

A1 Awabi 
A! Nlusanaah 
Baxka 
Tou 

Total Population 653.505 564.6'’' 


% 33.2% 31.8 


% 16.0 


% 16.1 


% 11.4 

°o 7.1 
% 3.9 
% 13.0 
% 7.1 
% 15.5 
% 2.5 
% 1.7 
% 1.6 
% 8.7 
% 11.5 
1 % 100.0 


% 11.0 
% 7.9 
% 4.0 
% 13.3 
% 7.2 
% 15.1 
% 2.3 
% 1.8 
% 1.5 
% 8.4 
% 11.4 
% 100.0 


4.1 South Batinah Region 


is forming 


„ ns istes of seven wilayats Swaiq 

South batinah region consist 

. ,„H awabi . This region 

R,rka . Nakhal , Rusatq and a*aw 

Burk » /Vm* and it the 

, •„, rtf 52 3 person /Km an 

population and U has density of 52. 

capital Muscat 161 persons " ’ 


Masinah , Wadi al maawil 


15% of sultanate of Oman 
second dense area after the 


/km* 
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* e (3) the population properilies of South Batinah 



South Batinah region is a complex study area because of different geological status 
water prosperities , and rain fall . for example the areas near Gulf has salty ground water 
and in higher areas ground water is sweet in some places surface water are alkali and they 
known as blue lakes like in Al,abyad(522m height) village near Nakhal and Falag Bani 
Khozair near Awabi (613 m height) and this because Ophiolites minerals and in higher 
areas (600-2900m height) like Wadi Bani Kharou(600-2900m height), Wadi Mastal and 
Wadi Bani Awof the water id hard because of CaCO, and people are facing Economical 


IV 


Final Results Of The Census 


2003 , Ministry of national Economy 


Sultanate Of Oman ,2004, Muscat 


(ID 
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problems bee* 


,Usc of clo 


cha,M 01 economic 


^ pipe* , reduction of heal transform tapacitv .mil nutilu i 


Hl Problems . 

As mentionod thcro is Vur j u 

‘ "aiiuii in geological ,slain,s und ram lull according to height and 

also there is varimi 

111 cl,m «te and this make dilTcrcnce in plant cover for example 
‘ S nuidl,anwi climate and for this reason ii has different plant cover , 


Olivo plamscoie. curopnoa) c, 
Alaam) i, is heighl is abou( 


can be seen in the mountains and they known locally its (Al 
(10 in) it growth in height of (1000 m) at least v and other 


plants . 


Because ol largeness and difficulties to study whole Batinah region Awabi was chosen as 
study area 


5.Springs in south Batinah 


There are many springs in south of Batinah all of theme are located in mountainous areas 
and they can be classified as : 

1. drinkable 

2. undrinkable 


• salty 

• alkali 

hp classified as hot springs or cool. 

fhot springs in south Batina is abo, 300 LUcrs.ec and 

,he total discharge ot hot P 

means 5.7x10 6 gallon/dav 

_ - . altos environment and Water resources. s Agfa 2 <d Oman 

-T ivtinistry of municipalities , 

^ n rJr;:M M u”c,.Ontan..^ 
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26 % Of ii j, N 

iN akhal and 69% In D 

T , J n Rostaq and 5% in Awabi. 

rhe most known cool • 

s Pnng is Al Alia in Awabi which has discharge c • "ter sec 

and Al Wioor sprini! iB w ^ , 

w ndi Bani Ghafer which has discharge ol 1 shier sc. ■ a*- '" lJ 

discharge of co i 

0 springs is 391iter/sec and his means 740x10 3 gallon da>' 


P ngs in south Batinah(Ministry of regional municipals and 

environment .2002 ) 



10 I Al Sobaikhah I Awabi 


11 I Al Alia 


Awabi 


566310 j 2563366 | 19 


dnr.icablc 


drinkable 


drinkable 


Most of the springs in 


Oman used for drinking and agriculture and some are used for 


recreation 


like Al kasfah and Thowarah springs . 




of Agricultyre , 1996 , International printing press , Muscai 
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figure(3) Springs of South Batinah discharge and temp 


As can be seen 


in the figure () higher temperature is relative to higher discharge in 


general 

1 ra million m\ of which 93.9 % for agricultural 
In 1995 total water withdrawal was 1 223 million 

m ’ . , , w for industrial use). The treated 

U 6% is withdrawn for domes., e use and 1 5 A 
purposes (4.6/. ro ads, white the 

, mainly for the irrigation of trees along 

wastewater was reu groundwater deplet.on is 

P " 


thus esti 


imated at around 240 million m 3 /year. 
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Surface Water Withdrawals by Sector, Oman, 


2002 


□ Agriculture 
B Industry 
a Domestic 



tigure(4) Surface water withdrawals Oman 2002 (Water Bank 2005) 


6.AWABI 


Awabi is one south Batinah region wellaiat, It is the smallest is this region . 


6.1 Ancient History 


Ancient 


people has settled in Awabi (5000-1000) ago 


v " and it one of the oldest places in 


VIII 


the world were man began to settle . . 

Man y o,d civilization lived in this part of Oman and they draw many drawings in 
rocks ( ROCKS ARAT) . Most of the drawings are 
using horses, camels and even elephants 


showing people fighting or hunting 


__ . ; ijjftl *11 

" 7/30/2005 

vii 2000 -> 0 rq/geoarch_rockart him - 

vm w ww.geooman.o y y 
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^ lnC ' em SeUleTO ent indicate there 
enough quantity of water 


"as a civilization and any civilization means there is 


I 



Figuref5)Rock an consists human figures fighting each other Awabi 
Omani history mentioned that the Sumerian and Babylon civilizations toke control 
Oman long time ago and I found in Wadi Bani Kharous a drawing of a wheel and with 
some guards . wheels invented by Sumerians and they have not been used by Arabs in 


ancient ages . 

There are many archeological studies in this area bu, the most 
( catrien Coleman ) 1973 


famous the search done by 


6.2Geographic location 


Awabi 


,, - B— ■*» lD ” 


59 N 
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Longitude (DMS): 57«31'46E 
(Degrees, minutes and seconds) 

Awabi is 500 m above sea level in the center 



Figure^locatio" 


0 f Awabi 


Satellite map(NASA,2005) 
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Uil, h bani Khuroutt which atarts from Jchal A1 similar 

^11 I I I OtlC | \ Vl |}ni-||. / ■ « .• 

11 ncai Svviuli village in Barka us can be seen in liurgurcO 


Aw abi is mutinous 


‘ lrcu ,n "Honor ol Oman 


t>.3Geology of study area 

Oman is host to the Gurth's largest muss of exposed ancient oceanic crust, the 

d lx 

Ophiolite. Rock types within the ophiolitc include peridiotites, gabbros, basa 

ii nf intensely deformed 

serpentanites. The surrounding geology is a complex collection i 

, ^iir.crhists dolomites and 

quartzites, mafic schists (including eclogite assemblages), 

other carbonates. Because of Oman's dry climate, lack ol vegetation, and m 

cover, studying the Snmail Ophiolite and 

Awabi is located in very complicated geological sialion for examp. Wad, Bam Kharus 
in Al Awabi enables you to see rocks as young as 85 million years to rocks as old as ^ 00 

• — a-—-— — 

• o matter of 10 minutes . 

.—.— 

Two major types ol rocKs 

Ophiolites 


6.3.1 limestone's 

0 us sedimentary f® 0 ' 1 composed ofthe mineral calcile (CaCOj). 

LIMESTONE .scales ^ ^ for comm ercia, use. In its broades, 

which upon calcination^— Musc at,Oman. 1998 


IX Dams of Oman , 


^^ w -' RM0Urces ' 


bcanneaby cam bean ner 



lnt erpretati 0n the term ' 

tUfa - 'imesbeli cora , ' nClUdeS any calcar «m s 
bivalents of r 

calci ‘ e — gonite . ofhmes — 


c °ral and malenal such as marble, chalk, travertine. 


and distinct physical properties. 
n g the same chemical composition are 

In nature, the w 

ne limestone bed is found 

calcium molp 0 0CCUr m var ying purity, generally a part of the 

CU eS bein S replaced by nan** 

Or diplomati \' ° CS1Um ten( ^ n S towards magnesium limestone 

a , . l ° ne W ' tb more thanlO% of mineral dolomite is termed 

d ° l0mUe lima «°ne. and that wilh 5 , Q _ 

Th D 10 10 /o > magnesium limestone. 

g more than 95% of calcium carbonate is termed high-calcium 

liin t ° 

y Used limestone takes good polish and is used as decorative and 

building stone. It is then called ’marble’. 



Figure(7) limestone mountains AWAB1 


6.3.2Tertiary Limestone s 


« 

„ rocks are highly variable 
rhe tertiary limeston s 

■ reef deposits , to marls of 
■ocks and occasional reel 


ranging from very permeable karstic 
l0W permeability . In costal areas the 


( 19 ) 


Scanned by UamScanner 



'Heston. , 

nds to be 
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P d Sal,ne intn. m, s»»vc , a situation which tmahlcs 

lime . lri *sion . i n 

C nd S e s , frequent! ° P ,c dmont zone lime stone blocks , or dipping 

enable An-, y fr ° m barriers 

a J ( falai • _• groundwater How in the alluvium and 

J • s, ngular ) t c 

dlC ^'^estorie wl-m . * UfC concentr &ted groundwater flow at nick How in 

Tertiary Li m . b ~™ 8h , 

17 L ^estone areas rests u 

Snrinoe ^° n ' ow Permeability met sediments and serenities 

F "& s generated at cont [ 

„ , su Pport falaj located within inliers situation where older 

™cks are exposed 


6.3.30phiolites 


Some 30,000 km" or about 48% of the northern Oman mountain area ,consists of Smail 
Nappe ophiolites . The structural integrity of the nappe as, initial , a single allchthonous 
sheet up to 15 km thick x , has largely maintained although mid- tertiary transverse 
faulting , up lift and erosion have since broken up to nappe into about 15 detached blocks. 


a lwati A Al Qurashi, R lakey 


/ini 
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Figure^ 8) occurrence of high levd and ptedmom 

Ihc falaj flow . Quarashi .2002> 


ynagi (Effect of ranffil 


The terra ophioliic refers to a distinctive rock assemblage U,W1 

gabbroic, and basaltic rocks, which are commonly capped by a thm ver-c- 
pelagic sediments The emplacement of ophiolites ts mil not »e ***** • 
certainly seems to be the result of convergence between ckcit me *** l0n1, 
p| 41 „ u, UK simplest snd most strsigW fors-H model. ■*« bejmmng of k:-- 
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oceanic crust Tilts simple moo 

,_he less, dieopluolttedoes represent sreent ocean. . 

occurred in Oman, but ne'e! the 

, „,ficmct have been obtained from the " 
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The d ata, investigation of the 

appreciated th ^ ^ ^ CCn m ‘ n ' mal and was only recently been 

pacity and seepage derived from these rocks may play 
8" ant role in water resources .particularly during drought periods. 
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Bank 2005) 


I I.J<W,«o 












6.3.4Alluvium 


d supply and supply l ^ e 

Alluvium deposits collectively from the main aquafire an 

reas the Alluvium 

majority of ground water in Northern of Oman . In upper catc 

from clay to boulders and m 

is topically less then 20 m thick ranges in composition ro 

many instance has been weakly to strongly segment ^ nu mber of 

The importance of Alluvium as source of falaj now i and surface 

Dauod, and Ghaily a,!, systems which rely ^ suscepllb ,e to the 

water How in the Alluvium . However . many o ^ occurred on the 

impa c, of new agnculture and urban development wh 

plains . 


I 

I 

I 

I 
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Tertiary 
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—_1 

1 
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Ayne 

may be very 
sensitive to new 
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Ayne & 
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further 
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potential for 
potable supply 

dauodi ayne 
& ghaili 

further 
development 
potential for 
potable supply 

Ayne & 
ghayli 

Depends largely 
upon degree of 
krast 

development 

Ghayli and 
dauodi 

Depends upon 
amount of 
available storege 
and extent of 

new 

development 



7.Rain fall 


Rainfall changes from year 

gages distributed all over the 


t0 an other and from place to other . There are many 


sultanate, in Awabi there is 6 rain gages 
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year 


Figure* 10)Alhagayr rain gage record 


7.2Awabi rainfall 


Table(8) Awabi rainfall 



( 26 ) 

Scanned by CamScanner 



I 
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;,gure<l3 ' A '^ lllra 


' tn Paring r . 


rair > / ;i || 


"n/a|i 


1,1 A| Aw ab , 


*Wi other 


" K ,( >ns m Oman 


. 

’ f,,c * ,a, '°n* in Oman (StmJy an<J as»c.'intent 


Urlf,CC dr,(I Mroun<J water ,2002) 


station 

name 

elevation 

m 

-_ 


ANN 

AV 

mm 

rain/all 

Rainfall(mm)/ 

clevation(m) 

Jabal 




Hayl 

1835 

284 

0.15476839 

Smail 

430 

81 

0.18837209 

Jabal 




Nakhal 

1560 

133 

0.08525641 

Bidbid 

225 

74 

0.32888889 
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Figure(14)elevation and ann rainfall for some stations in Oman 


AS can be notced in f.gure() and in tablet) the rainfall is proportionally related with 
elevation and by dividing rainfall over elevat.on it seemes there is no direct re,a,ton ship . 


7.4Rainfall during year 


It is important to 
which has havier 


or analysis rainfall through the seasons 
,0 do this we chose alMahassanah 


to determine months 
station and years 


1992,1993,1994, 
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Tab| e(ll) monthly rainfal] in A , m „ 

1 Alm ahssanah 

regional municipals and envi ***** 0^92,1993.1994) (M.nistry of 

lr onment .2002 ) 


year 

Janu 

ary 

199 

2 

50 

199 

3 

_o_ 

199 

4 

n- 

10 

i 


march 


-|une july 


scptemb octobc emb decembc 


~--—~-1L_0_ 18_ 57_ 

1_^2 1 5__24 ; 5__io 2 6 23.5 


augusi | cr 


month! 

y 

summati rainfall 
/ear on mm 


1992 

271.5 

22.625 

1993 

122 

10.1666 

7 

1994 

298.5 

24.875 


rainfal mm in months 


0 12 0 _< 

0 33 0 JK 

0. 


150 

E 

£ 100 


<S 

c 50 



0 —T - * > / 

/ / / * / # 


/ / * 


Figure(l5)nionlh'y 


rainfall 


months 


in AlMahssanah station in 


(1992,1993,1994) 
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"c noticed 11um t i 

( and figured5) the rain season is from June to 

mcdn summer is rainy more than winter So big amount of water wiU 
he evaporated because of hotter weather and this may have bad effect on crops specially 
dates in addition hotter weather and presence of water may help the growth ot aquatic 
live and acceleration of decay of vegetation and this may cause diseases . 


7.5The results of rainfall Analysis 


Rainfall recorded in defrent stations 

In AWABI 


Alhajayr 


AlmahsanaJfear 
^_AW^ 


Aimahalil 
Al ghobrah 


Figure(l6) 


Awabi and it has 
>n Al Mahssanah 


at, has the haviest rainiau 
3) Al Mahssanah has 

u-rh has lower elevation 
A 1 Hajayar which has 


heig hes. elevauon 
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,hcn A ' Ghobrah in «, 

So,al Whi ch has I 

proponionally rc | ated lower Nation and so on , So rainfall is 

cu 10 elevation . 

There is error in reading th . 

in 8 the results because of 

45 davs tn -?c j maintenance . maintenance days vary from 

* ' 5 d ays per y ea r a d 

. n SOme rea dings cancelled . The maximum rainfall per 

day was mMuhssanah in 4/30/iQo, „ 

^ 992 w hich was about 8.5 Cm 

udymg other station in Oman it was clear that elevation is playing 
n rainfall and there is no direct relation between them . as in tableQ 


7.WADI DISCHARGE 


As mentioned Wadi Bani Kharous is the major wadi in Awabi and it has lots of branches 

located on the banks of Wadi Bani Kharous and all 


located beneath the wadi . In addttion most of the 


( Small wadies ) All the villages 

falags under ground channels are 

spnngs are iocated in the wadi or near it . Oman, g ovemment construe,ed a dam ~ 

■ U aritv 5X10 6 M 3 also there is another dam on this 
Mussonahto reserve, he water wtth capactty 5X10 

W adi is called Awabi dam near awabi 
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Wa diB 
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ar 9® meter qupe 
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2000000 
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^ ^ ^ J j f f ^ / 

years 


Figure(17) Wadi bani Kharous discharge since 1992 


Table( 12) Wadi Bani Kharous discharge since 1992 


year 

1992 

1993 

1994 

1995 

1996 

inotRA 

discharge 

”424000 

”56505 

1703981 1 

2042495 
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8 WAT <* Reso, 


Ana .i galleries 




Af AL 


' AND CROUND 


water 


0ne of the 


structed to serve v ;n P°rtam irrigation system in Oman . Many were 


'illages 


water 


PPty requirement more then two thousands 


However , t h e 


Phen 


hydraulically system , 


° mena of frecoem drought 


periods that are feature of Omaris 


systems. 


times a significant impact on the reliability of the aflaj 


Oman has 41 p , 

J Wlch 3017 are alive falaj xi , producing about 680X10 6 / year we 

he falaj as a canal system , wich provides water for community of farms for 

domestic and agriculture use all Afalj located in North Of Oman and onay four In Dhofar 

region . 

Oman is almost exclusively depandant on rainfall for its supply of fresh water . 
traditional surface irrigation systems of aflaj provide more than 60/o of the fresh water 

XU 

supply of sultanate and irrigate around 55% of the cropped area . 


8.1 Falaj characterization 

. localed within large wadies or on the platns and usually denve then 

Daudi aflaj tend 10 e • ^ fced , ng these sys t em s also extend tnto hedroch 

water from alluvium althoug 

. A otofn , T lnoue , T Nagasawa , gradate school of 

-'’^culture Econonucs . cottege of agneut^ , 

* Mel n°u e Hi*» Mirshod., 

agriculture , rce s, A a 

x h Oman wate 

S QU . Musea>, 
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S ° Ulh Batmah , hcrc arc 

C drc more than fcc r , . 

and they . . ‘ J ;i a J °f them located in mountainous areas 

y 'ocatecl in |< ( 

« Nakhal , Wadi al Mawell and there is no aflaj in 


^usonahh 


and Bark;i 


a . 



ol-cii ii icu uy uamouanner 


( 35 ) 



reconstructed in (170Q \ u., i _ 

) by Imam Saif Bin Soltan it consists of underground and over 


ground channels , underground channel length is about 5 km X1 "and it was built by 
Saroog paste ( traditional material unbearable ) .the deep of Muther well is about 40 m 
and the slope of the channel is about (0.008). Along under ground channel there are what 
is called ( Access Shaft ) which are used for cleaning and for further development of 

falaj . 


xiii y.;.^ , 


JL.. a :W. -U-* ■■»* ** * 


juc. kiU*- 
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Figure 1 18) sketch of falaj AJ Awabi 


8 3Aflaj discharge 

or course aflaj vary .n discharge from one lo another and from fme to time in each one 


( 3 ' 
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Figure (19) access shafts 


of falj Al Awabi and they are used for cleaning and 


development of falj system 


Awabi falaj discharge (L/sec) and 
electrical conductivity 



® 0.15 ± 




^ ^ ^ ^ 

years 



, . r . • j-^hnrae fL/sec) and electrical conductivity .Notice ( The data 
Figure (20)Awabi falaj discharge (L/secj 

represents the time of measuring) 


( 38 ) 


Scanned by CamScanner 















Vs c 


*n he s < 




,hc Clcc, r 


l 'C d s; • 


Solhls r ''- uy j s inversely proportional to 


•'I'offcj*, 




M0) 50 d »ssolved solids 


decreases w ith increasing 


v 4 ^l.C> 


We can classify spnngs mt* ■ 

rnajor categories high elevation springs and piedmont 

Prin§S ° 1 S ° Uth Balma h region were mentioned figureQ 
Hi S h elevation springs 

springs generally emanate from the same geological Horizon , the 
ut.wv. mormitv t>en\een the base the carbonates and underlying , relatively impermeaple 
pre-Perm i an Sediments . These springs are commonly associated with inliers withen the 
mountains where well developed springs lines feed numerous small aflaj systems. 
Monitoring is limited . but small yields (up to 10 Usee) and the persistence of the alia) 
wardens . many of which are caned in to steep cliff faces , Indicates tha, they are reliable 
sources capable of monitoring supphes dunng drought periods. Thts is tn turn ,s a 

relleclion upon -he re,at,re,y h,g„ «* <* - - " ~ ^ 

^ developed — — - ^ ’ 


aquifers. 
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8 4 ' Piedmont s pr i 


PnngH 


Piedmont Spring, 

and reliable sprint? carbonatcs comparies the most important 

° ‘ OUr CC8 in Tsl nrt L 

1 ^onnern of n 

indicating deeper man l ^ ese springs are worm to hot 

circulation .They t 

limestone and l P « ' V emerge in the contact zone between the 

ia 'ess permeable rocks of ,h e 

.... ne ^ a mail or Hwasinah nappes .Discharge is 

highly variable ranging fro*,, 

P sources to spring lines to small seepages .These 


springs can support large aflaj systems a 


and arc relatively insensitive to drought. 


8.5 Wells 


Deep wells arc wiils drilled by mechanical rigs . They vary in depth according to the 
depth of rhe aquifer . Tey arc Operated by surface or sub miscible diesel or electrical 

pumps. 

According to well inventor earned by ministry of water resources in 1992 . They are 

v,v „ „| hv citizens Of Which 50% concerened in Batinah region >In 

1 76000 wcllcs woned by citizens . w 

h noQ7> pointed out that for 47% of the total NO. of 
addition, The FAQ review report (1997, porn 

, m me well system is their main source of water. 

624 " h0US£ ’° j cu itiva,ed areas over the last decade is responsible for the increase 

The rapic expansion iated wjlh more advanced and with 

they are usuany * 

of digging wells . In ad 11,0 ' m field irrigating systems , such as dnp 

Orient systems. Thus, 

relatively more , epend s on deep welles systems. 

bubble and sprinkler methods, ^ ^ propentl es and q uah,y. 

e welles were chouse SuimateofOman 

In Awab. somew^-_ . pals a „d 

rnrds 2000 . nnn'Si r y 
XIV Ministry record. 
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Table(U) wells choused to investigate 


E 

N 

piezoLOCAL 

ID 

1 

PiezoSite ID 

type 

key 

code 

NO.l 


2623900" 

569300 

HS 

EB629339AA 

WELL 

212/3961 


2623355 

569650 

N-UO 

EB629236AA 

WELLj 

212/42J 


2625800 

572600 

JT-69 

EB722568AA 

well! 

002/455 




NC-7R 

EB722479BA 

WELL 

002/453 

i 




JT-58 

EB723780AA 

WELL 

002/456 

■ 


2620200 

571900 

JT-57 

EB721092AA 

WELL 

002/456 

1 « z' A A 

m\ 

2613100 

568800 

JT-67 

EB618381AA 

WELL 






•urci t 007/443 8 

2595300 

569000 

JT-40R 

EL69950jB4 

V V 
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8 5. l Well 


ms> 



Figure(21) Water depth in well (HS) from 1993 till 2005 


As shown in figure (23) the increase of water depth is very extreme . Water depth was 12 
m in 1993 and it reached 18m in 2005 the rate of increase is about 50 cm/ year. But the 


EC decreased from about 3270 in 1996 to about 2000 in 2005 . The variation in Temp 
was not that much from about (28-31 )°C The venation in Temp was due the time of 
measurement season the type of instmmen. and other factors . 

We can eondude by saym g there was ,ncreas,n g in depth of water and decreasin g in total 


dissolved solids (DS) 
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8 5 -Well (J T-69) 


JT $9 «*lt (D*p«h Of W»t»0 



- ~ eSS8«Sil8iS|!lli-S^~ 


5£5K“£§g88888888 


• a » ® 2 2 ^ 


date (y««r 1 


Figure(22) well (JT-691 water depthf ml from 1974-2005 

• , his well .as measured from 1974 til, 2005 (3, years) so is 
T1 , depth of the Water „ ^ ^ ^ ^ wa$ 

„ ic lmver (30 cm/year). 

, of increasing is 10 " ci v 

increasing but the rate „ 2000 from about(l 500 to 

than 3000) ui 2005 . 


more 


about 


j °(7 from 2000 to 


2005 


( 43 ) 


Scanned by UamScanner 

















K— JT- 



5 : ear mere s -c~ec- m dbe deri o:»i;s: arc increase of I '5 Dissolved Solids ) in 
- - —_r c ^ —_5 2\e a sl£T- of decreasing of the amount o: ground water in this ore 

2r .- _ cr » Lr _-- - f e saL-- sjpec: i . CaCCK * hicfc cm| hardness . the increasing of 
Lhcl ^ : •' m .ner nu> be due the mosinj of the depth of aquifer media . 


I**) 
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I the well is osculating from one time to an other because this well is very 
c,t *c to Wadi 



Figure(25) Variation in depth of water in well JT 40R 


.. 

A, ‘" 0 ' n 
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K VSRe 


"""‘' r -^c, ( , cplhofwc||s 


Thcre i» increase in walerrf 

cpth in all the wells but the rate of increasing vary from well 
10 a nothcr d uc l0 ra , c nf . 

> recharge, the location of the well .aquifer and other factors . also 

,hcrc * s increase in FT i 

ln ^ cncra ' but the change is very slow . The change of temp is 

very slight no 

more than 1 C. In well HS there is extreame increase of depth but there 
n 8 of the EC . Some wells are sensitive to drought like well (JT-40R). 

EC have 

1 been measured before 90s so we have lack of data about it is some cases 


9> SO,L MEDIA (UPPER SOIL) 

The soil of woman was classified according to soil Taxonomy ,The soil classification 
system of the United States Of America (USDA-SCs,1975). 

Some diagonostic horizons are surface horizons or epipedons , Others are normally 
encountered below the surface horizons , They are subsurface diagnostic horizons 
Six diagnostic horizons were recognized in Oman during Survey. 

1. Ochric cpipedon 

2. calicic horizon 

3. cambic horizon 
4 gypsic horizon 

5 . petrogypsic horizon 

6 Salic horizon 
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9 1 A 1 Avvabi 


Com 


common type of soil 


° n ‘ypc of soil of Awabi known 

m ° Stly in Mountains . i 

These 


as Arid Mountains , these are encountered 


rocks . 


in northern of Oman , including Musandam peninsula . 
a >ns are mostly steep and barren formation of igneous and sedimentary 


tcrop are very shallow soils are dominant on sloping terrain , where very 
y Is occur in valleys and alluvial fans. A dense network of wadies coveys 
§ ater north to Batinah plan and south the interior of Oman . 
r further information see the soil map of Awabi - attached -) 


10.WATER RESOURCES POLLUTANTS 


Water pollution is known as any chemical, physical or biological change in quality of 
water that has harmful effect on any living thing that drinks, uses or lives (in) it (water 


Bank , 2002). 

When humans drink polluted water it often has serious effects on their health , water 
pollutants can also make water unsuited for the desired use. 

Actually there are several classes of water pollutants . The first are disease-causing 
agents . these are bacteria .viruses , protoza and parastic worms that enter sewage systems 


and untreated waste. 

Water pollution is caused by human activities .Different human sourews add to the 
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surface water \ 

oupoint sources are sources that cant be traced to asingle site of 

discharge Ex a 

nipies ot point sources are : factories, sewage treatment plants , 
gr und mines, oil wells , oil tankers and agriculture. Examples of nonpoint sources 
acid deposition from the air , traffic , pollutants that are spread through rivers and 
Pollutants that enter the water throu groundwater .Nonpoint pollution is hard to control 
because the perpetrators cant be 

10.1 Lactations of potential hazards in study area 




Awabi dose not have lots of pollution courses except agricultural activities, urban areas , 
petrol filling station , health centers , treatment plant (under construction),landfills and 
small distributed industrial areas. 

This is because Awabi has small pollution and the pollution is distributed in more than 25 
villages , the larger village Awabi has population of about 3,500 only . 

GPS used to determine the potential hazards and locating them in the map 
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fable (16) locations of some potential hazards in A*abi 


Site 

E 

N 

elevation i 

m j 

comments 

- 1 

Awabi health 

center 

U___J 

555101 

2578223 

530 


hilling station 

553206 

1 25778195 

533 


i Landfill 

552532 

2578301 

522 

--- 

Treatment 

j plant 

552522 

- — 

2579701 

519 

Under 

construction 


So there is no many potential hazards in Awab, because of the low populanon 
effect of current potential hazards are very limited because of the same reason 
the increasing of population the effect will be greater. 
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Figure(26) locations 


of potential hazards on the map 
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c ONc 


Li JSIOn 


' VOrld is file it 


to 
year 


The 

’ '-'J iq 15 

P°Pulati 0n and ^° blen ' ° f WOrmi "* ° f P>™, increasing of 

‘ herc is growth of t h e po J ma " 18 ^ C ° Umry With l0W rai " fa " in mos ' re 8' ons . also 

Edition there j sd and most of the fresh water is use for agriculture, in 

,s decreasing j n f resh 

elev atio n in the Qt . generaI rair »fall is directly proportional 

ne ^udy area . Most of a 

to another in tu m °unt in summer and there is variation from 

( " ,he “mount of rain, 

water which used P y major ro11 ln h ™an life because of supplementary of 
j tj tic proposes. Awabi faiaj built mare than 300 years ago and 

■t is one of4000 falaj i„ 0man Thp . 

“■ The,drscharge,of,faiaj vary from time to an other because 
I ■ wad, discharge and season temperature , the discharge of Awabi faiaj is about 
200 L/scc with Ec of about 600 in average . 

an there are 1 76000 well and 50% of these wells located in Batinah region . Wells 
in Awbi are monitored from time to an other by ministry of water resources and it is clear 
there is increase in water depth and the rate is very rapid and it is vary from well to an 
other (0.5 m/year to 0.15m/year) and this mean there is decreasing in the ground water 

the amount of dissolved solids in general but the rate is 


level . Also there is increasing in 

In addition there is increase of the temp but it is not much 

( <0 1 /year) Some wells are very sensitive to drought and this depend on the location of 


low in most of the wells 


the well . 


Geo)og ical setting is Playing major 


roll in water resources management because some 


layers are pe 


ml eable but the others are not or 


have very low permeability . Ophuhte 
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